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[57) ABSTRACT

A tire for airplane wheels of the radial carcass type
comprises a stretchable crown reinforcement composed
of five plies of cables having relative elongations upon
rupture of between 10% and 40%. The radial carcass is,
under molding pressure, further away from the equato-
rial plane than at the operating pressure. At the test
pressure, the radial carcass is even less far away from
the equatorial plane. |

4 Claims, 1 Drawing Figure
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TIRE FOR AIRPLANE WHEELS

The present invention relates to tires which, according
to the customary standards or regulations, must resist a

pressure, known as the test pressure, without damage.
This test pressure is equal to a multiple of the cold
inflation pressure, known as an operating pressure,
stipulated in the same standards or regulations. Further-
more, the same tires when not under load must have at
their operating pressure overall dimensions (maximum
axial width, exterior diameters at the equator and/or at
the shoulders) whlch are also deﬁned by the standards or
regulations.

One type of tire which i is standardized or regulated in
this manner is an alrplane tire. In the case of airplane
tires the test pressure is equal to four times the operating
pressure. More particularly, the invention relates to
tires of standardized size and test pressure which have a
carcass reinforcement with radial reinforcement ele-
ments anchored to at least one bead ring in each bead
and surrounded by a crown reinforcement formed of at
least one ply of parallel reinforcement elements.

In a tire having a radial carcass reinforcement, but
without a crown reinforcement, it is known that the
radial carcass reinforcement assumes as equilibrium
meridian profile known as its natural equilibrium merid-
ian profile under the effect of the inflation pressure.

This natural equilibrium meridian profile is defined
by the equation:

cos d=(R?—RA)/(R?—RA)

¢ is the angle formed by the straight line tangent to
the equilibrium meridian profile and the axis of rotation
of the tire at a point of said profile of radius R with
reference to the axis of rotation of the tire. R, is the
radius of the point where the equilibrium meridian pro-
file reaches the maximum axial distance from the equa-
torial plane and has a tangent parallel to the equatorial
plane of the tire. This equatorial plane is perpendicular
to the axis of rotation of the tire and is a plane of sym-
metry of the equilibrium meridian profile. R;is the ra-
dius of the point of the equilibrium meridian profile
furthest from the axis of rotation of the tire. This point
is formed by the intersection of the equilibrium mernid-
ian profile with the trace of the equatorial plane on the
meridian or radial plane contmmng the equilibrium
profile.

The above equation shows that the natural equilib-
riutn meridian profile assumed by the radial carcass
reinforcement by itself is independent of the inflation
pressure if one disregards the stretchability of the radial
reinforcement elements. |

The crown reinforcement, on the one hand, imparts
certain properties of use to a tire provided with a radial
carcass reinforcement. In tires of the type in question,
the crown reinforcement encircles the radial carcass
reinforcement in order to impart to the radial carcass
reinforcement and thus to the tire, when the inflation
pressure is equal to the operating pressure, overall di-
mensions {diameters at the equator and at the shoulders,
maximum axial width) which are in accord with the
standards or regulatlons

When such a tire is inflated, the radial carcass rein-
forcement tends to assume its natural equilibrium merid-
ian profile. This results in an expansion of the radial
carcass reinforcement which subjects the crown rein-
forcement to a circumferential tension which increases
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with the inflation pressure. As a matter of fact, this
circumferential tension T in first approximation satisfies
the equation |

=(D-P)/2

per unit of length (in the axial direction) of the crown
reinforcement. In this equation, D is the diameter of the
crown reinforcement at the equator and P the inflation
pressure of the tire.

-Now the test pressure is a multiple of the operating
pressure. Thus the crown reinforcement 1s subjected to
a circumferential test tension which is a multiple (for
instance, 4 times in the case of airplane tires) of the
circumferential operating tension. The adoption for the
calculation of the resistance to the test pressure of the
crown reinforcement (product of the test pressure by
the selected coefficient of safety), of an ordinary coeffi-
cient of safety, leads to a crown reinforcement formed

/or plies, even when using reinforcement elements of
materials having the highest modulus of elasticity. In
particular, the excessive radial thickness and/or stiff-
ness to flexure of such a crown reinforcement impair the

The object of the present invention is the design of a
tire of the type in question which satisfies the require-
ments of the standards of regulations while avoiding
hypertrophy of the crown reinforcement, as well as the
above-indicated drawbacks which result therefrom.

 Accordingly, the invention provides for endowing
the tire of the type in question with an elastic crown
reinforcement which is circumferentially stretchable
such that, the tire being mounted on a standard rim and
without load,

' (a) when the inflation pressure is close to 10% of the
Operatmg pressure of the tire, the diameters of the tire at
the equator and at the shoulders are less than the corre-
sponding diameters imposed under an inflation pressure
equal to the operating pressure, and the maximum axial
width of the tire is greater than the corresponding
width imposed under an inflation pressure equal to the
operating pressure, and

- (b) when the inflation pressure is equal to the test
pressure, the elongation of the crown reinforcement in
the circumferential direction of the tire with respect to
the length thereof when the inflation pressure is close to
10% of the operating pressure is such that the carcass
reinforcement approximately reaches its natural equilib-
rium meridian profile. | |

- A preferred variant of the invention consists in pro-
viding the tire of the type in question with a carcass
reinforcement whose radial reinforcement elements,
under an inflation pressure equal to the test pressure, are
of little stretchability. This facilitates the calculation of
the natural equilibrium meridian profile of the carcass
reinforcement. However, it is also possible to calculate
this natural equilibrium meridian profile by taking into
account the stretchability of the radial reinforcement
elements of the carcass reinforcement. Radial reinforce-
ment elements of the carcass reinforcement with rela-
tive elongations, under a tension corresponding to the
operating pressure of the tire, which are less than 5% as
compared with a .zero tenston, can be considered,
within the scope of the invention, as nonstretchable
reinforcement elements. This is true in particular when
the reinforcement elements are cables of steel wires
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having relative elongations upon rupture of less than
2.5%.

Preferably also, when the inflation pressure is close to
10% of the operating pressure, the diameters of the tire
at the equator and at the shoulders are at least 5% less
than the same diameters measured under an inflation

pressure equal to the operating pressure of the tire. In
this way, the distribution of the increases in the diame-
ter at the operating and test pressures is improved.

By circumferential elongation of the crown rein-

forcement there is understood, by convention within
the scope of the present invention, the variation of the
developed length of the elastic crown reinforcement
resulting from the inflation of the tire from a pressure
close to 10% of the operating pressure to a pressure
greater than the first, this variation being evaluated
along an imaginary equatorial circle arranged on the
radially inner face of the crown reinforcement of the
tire mounted on a standard rim but not under load.

- The circumferential elongation of the crown rein-
forcement in accordance with the invention under an
inflation pressure equal to the test pressure is such that
the radial carcass reinforcement is approximately at its

10

15

20

natural equilibrium meridian profile and that in particu- -

lar the equatorial radius corresponds approximately to
the equatorial radius R; of the natural equilibrium me-
ridian profile. Thus, due to the preferably limited
stretchability of the reinforcement elements of the ra-
dial carcass reinforcement, the carcass reinforcement
absorbs practically all the stresses coming from the
inflation of the tire at the test pressure. It results from
this that the circumferential tension of the crown rein-
forcement remains approximately limited to that corre-
sponding to the total expansion of the carcass reinforce-
ment under the effect of the test pressure. Hence the
advantage of being able to reduce the resistance of the
crown reinforcement and in particular decrease the
price and the weight thereof. Furthermore, the limited
stretchability of the carcass reinforcement and the re-
duction of its reinforcement favors the expansion of the
carcass reinforcement towards its natural equilibrium
meridian profile. At the natural equilibrium meridian
profile the tension of a radial reinforcement element, for
instance a wire or a cable of the carcass reinforcement,
corresponds to the equation

7 - P(RZ — RA)

N

I =

In this equation, P is the inflation pressure, R;and R,
are the radii previously defined, n is the number of
reinforcement elements counted along a parallel line,
l.e. perpendicular to the radial direction, and 7 =3.14.

Use of a stretchable (in the green state) crown rein-
forcement in combination with a radial carcass rein-
forcement is known. Such a crown reinforcement is
used, for instance, in certain tire building processes. In
these processes, the crown reinforcement is placed on
the radial carcass reinforcement when the latter is in the
state of a raw cylindrical blank. Then the assembly thus
constituted, either before introduction into the vulcani-
zation mold or within the latter, is shaped to the toroidal
shape. The stretchability of the crown reinforcement is
obtained by using stretchable reinforcement elements or
by using undulated crown plies or elements, the undula-
tions of which disappear under the effect of the elonga-
tion caused by the expansion to the toroidal shape. The
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malleability of the rubber in nonvulcanized state facili-
tates the stretchability of the crown reinforcement.
The stretchability of the crown reinforcement in
accordance with the invention, on the other hand, is
understood to be in the vulcanized condition of the tire.
It employs the fundamental elasticity of the crown rein-

forcement, that is to say the automatic return thereof to
its circumferential length at the operating pressure
when the pressure'is reduced from the test pressure to

the operating pressure and then to its initial circumfer-
ential length under 0.1 times the operating pressure,
subject to the hysteresis of the materials used to manu-
facture the reinforcement elements. The variation in the
circumferential elongation of the crown reinforcement
is a function of the overall dimensions imposed by the
standards or regulations. On basis of these exterior di-
mensions (provided furthermore with tolerance figures)
which are to be respected when the tire is inflated to its
operating pressure and the dimensions (width and diam-
eter) of the corresponding rim, the meridian trace of the
radial carcass reinforcement is defined, that is to say the
developed length of the carcass reinforcement. This
developed length intervenes in the variation of circum-
ferential elongation of the crown reinforcement under
the action of the test pressure.

The means for satisfying this stretchability are numer-
ous. As example, the following may be used individu-
ally or in combination. -

One can use reinforcement elements, on the one hand,
in the form of cables of elastic textile materials. These
cables have relative elongations at rupture of between
10% and 40%. Thus, with the customary cabling tor-
sions, polyamide cables have relative elongations upon
rupture which may reach up to about 409 while those
of polyester may reach up to about 20%.

On the other hand, metal materials of high modulus
of elasticity, such as steel, permit the manufacture of
reinforcement elements in the form of so-called elastic
cables in accordance with U.S. Pat. Nos. 3,090,189 and
3,090,190. The elastic steel cables have a relative elon-
gation upon rupture of at least 6%.

The elasticity of the reinforcement elements of one or
more crown plies are preferably employed when the
crown plies form zero or low angles, but less than 20°

5 with the circumferential direction of the tire.
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However, one can also use less elastic reinforcement
elements or ordinary reinforcement elements in combi-
nation with plies forming angles of more than 20° with
the circumferential direction of the tire. The elasticity
of the vulcanized elastomer mixes which surround the
reinforcement elements of the plies then permit suitable
variations in length of the crown reinforcement. If nec-
€ssary, one can use elastomer mixtures for the covering
of the reinforcement elements whose moduli of elastic-
ity in vulcanized condition are less than the moduli of
elasticity of the customary mixes (250 to 850 d::lN/c:m2
measured at 100% elongation).

The drawing and the description thereof given below
illustrate one embodiment of the present invention.

The example selected is that of an airplane tire of
standard dimensions of 30X8.8-15 (in inches) or
762X223-381 (in mm) of series VII (T.R.A. [Tire and
Rim Association] standards), mounted on a rim of sizes
of 7X 15 (in inches) or 178 X381 (in mm). .

The sole FIGURE of the drawing shows on a re-
duced scale the left half of a schematic radial section of

such a tire 1, the right half (not shown) being symmetri-

cal with respect to the trace'ZZ' of the equatorial plane
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on the plane of the drawing, which plane of the drawing
also contains the axis of rotation YY' of the tire 1.

The exterior size imposed at the operating pressure
(maximum axial half width B/2, radii R’; at the shoulder
and R; at the equator) i1s indicated by a dot-dash line 2.

The FIGURE shows, in a.meridian plane, the profile
of the radial carcass reinforcement both under 10% of
the operating pressure (30), -under the operating pres-
sure (31) and under the test pressure (32). The profile 32
1s substantially the natural equilibrium meridian profile
of the carcass reinforcement. .

The maximum Operatlng pressure of a tlre ef the

dimensions indicated is close to 15,5 bars, The test pres-

sure is therefore close to 62 bars for a trre eorrespendmg
to a “ply ratmg“ of 18.

The tire 1 1s mounted on a rim 4 ‘whose radius R, at
the bead seat 41 is equal to 190.5 mm and whose width
L 1s equal to 178 mm, these dimensions being defined in
accordance with the customary standards.

The radial carcass reinforcement (30, 31, 32) is
formed of three plies of polyamide cables of 18806
(relative elongation at rupture 22% under about 80
daN). Only a portion of the three plies 311, 312, 313 has
been shown In the position 31 occupied by the radial
carcass reinforcement under the operating pressure.

The number of reinforcement elements of a ply of the
radial carcass reinforcement per centimeter is equal to 8
at the level of the bead ring 8.

The crown reinforcement 6 is formed in accordance
with the invention of five plies 61, 62, 63, 64, 65 of
polyamide cables (titer 18804, 7.5 cables per cm)
parallel to the circumferential direction of the tire. The
relative elongation of these cables at 109 of their rup-
ture load is equal to about 2.8% for an elongation at
rupture equal to 21%, and the modulus of elasticity of
the elastomer mix covering the cables is equal to about
450 daN/cm? at 100% elongation. |

At 10% of the operating pressure, the equatorial
radius (R)o of the radial carcass reinforcement 30 is
equal to 337 mm. At the operating pressure, this equato-
rial radius (R;); of the radial carcass reinforcement 31 is
-equal to 361 mm. At the test pressure this equatorial
radius (R;)2 of the radial carcass reinforcement 32
reaches 396 mm. At the level of the radial carcass rein-
forcement 32, the crown reinforcement 6 in accordance
with the invention has therefore suffered an elongation
equal to 371 mm under the effect of the test pressure,
namely a relative elongation of

17.5%

g——
——

371
2337 < 0%

Conversely, the maximum axial half width B/2 of the
radial carcass reinforcement 30, 31, 32 and, therefore, of
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For eemparlsen, a tire of the same size as the above,

but provided with a eonventlenal carcass and crown
reinforcement; ‘would requlre for the latter seven plies

instead of five, i.e. 40% more. For tires of greater sizes,

this hypertrophy wpuld reach stlll greater proportions
since circumferential tension is, as explained above,

related 'to the equatorral dlameter of the crown rein-

forcement

What is claimed is:

1. A vulcanized airplane tire of imposed size under an
inflation pressure equal to the eperatmg pressure and
capable of w1thstandmg a test pressure which is a four-
fold multiple of the eperatmg pressure eharaeterlzed
by the fact that it comprises: |

(a) a carcass reinforcement having substantlally non-
stretchable radial 'reinforcing élements which,
under a tension corresponding to the operating
pressure of the tire, have relative elongations that
are less than 5% as compared with a zero tension,
the carcass reinforcement being anchored to at
least one bead ring in each bead; and

(b) radially outward of the carcass reinforcement, a

- crown reinforcement which is elastic and stretch-
able in the circumferential direction of the tire and
which is formed of at least one ply of parallel elas-
tic textile reinforcing cables having relative elonga-
tions upon rupture of between 10% and 40%, the
angles which the parallel textile reinforcing cables
of the crown reinforcement form with the circum-
ferential direction of the tire being between 0° and
20°; .

the crown reinforcement being such that, the tire being
mounted on a standard rim and without load,

(b1) when the inflation pressure is close to 10% of the
operating pressure of the tire, the diameters of the
tire at the equator and at the shoulders are at least
3% less than the corresponding diameters mea-
sured under an inflation pressure equal to the oper-

- ating pressure, and the maximum axial width of the

tire is greater than the corresponding width mea-
sured under an inflation pressure equal to the oper-
ating pressure, and

(b2) when the inflation pressure is equal to the test
pressure, the elongation of the crown reinforce-
ment in the circumferential direction of the tire
with respect to the length thereof when the infla-
tion pressure is close to 10% of the operating pres-
sure 1s such that the carcass reinforcement approxi-
mately reaches its natural equilibrium meridian
profile.

2. A vulcanized airplane tire of imposed size under an
inflation pressure equal to the operating pressure and
capable of withstanding a test pressure which is a four-
fold multiple of the operating pressure, characterized

the tire 1 has decreased. At 10% of the operating pres- 55 by the fact that it comprises:

sure 1t is equal to 102 mm, at the operating pressure of
97 mm and at the test pressure to 89 mm. This decrease
of the axial width when the inflation pressure is in-
creased 1s a property of the tires in accordance with the
invention.

The tension of a reinforcement element of the radial
carcass reinforcement 32 under the effect of the test
pressure is about 42 daN (relative elongation 139%).
Such an element breaks under a tension of 80 daN. At
the operating pressure, the tension of a reinforcement
element is less than or equal to 10.5 daN (relative elon-
gation 3.8%) due to the influence of the crown rein-
forcement in accordance with the invention.

60

65

(a) a carcass reinforcement having substantially non-
stretchable radial reinforcing elements which,
under a tension corresponding to the operating
pressure of the tire, have relative elongations that
are less than 5% as compared with a zero tension,
the carcass reinforcement being anchored to at
least one bead ring in each bead; and

(b) radially outward of the carcass reinforcement, a
crown reinforcement which is elastic and stretch-
able 1n the circumferential direction of the tire and
which is formed of at least one ply of parallel elas-
tic steel reinforcing cables having a relative elonga-
tion upon rupture of at least 6%, the angles which
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the parallel elastic steel reinforcing cables of the
crown reinforcement form with the circumfefen"-
tial direction of the tire being greater than 20°;
the crown reinforcement being such that, the tire bemg
mounted on a standard rim and without load,

(b1) when the inflation pressure is close to 10% of the
operating pressure of the tire, the diameters of the
tire at the equator and at the shoulders are at least

5% less than the corresponding diameters mea-
sured under an inflation pressure equal to the oper-
ating pressure, and the maximum axial width of the
tire is greater than the corresponding width mea-
sured under an inflation pressure equal to the Oper-
ating pressure, and

(b2) when the inflation pressure is equal to the test
pressure, the elongation of the crown reinforce-
ment in the circumferential direction of the tire

10

15

8

with respect to the length thereof when the infla-
tion pressure is close to 10% of the operating pres-
sure is such that the carcass reinforcement approxi-
mately reaches its natural equilibrium meridian

profile.

3. The tire accordmg to claim 1 or 2, characterlzed by
the fact that the substantlally nonstretchable radial rein-

forcing elements of the carcass remforcement are cables
of steel wires having relative elongatlons upon rupture
of less than 2.5%.

4. The tire according to claim 2, charactenzed by the
fact that the crown plies have their elastic steel reinforc-
ing elements embedded in an elastomer mix having a
modulus of elasticity less than 250 daN/cm? measured
at 100% elongation. - = |
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